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An azo dye-degrading bacterium (strain B-3-1) which reduced many different azo dyes was isolated from the Koki
River, Osaka, Japan. From the physiological properties and a phylogenetic analysis based on the 16S rDNA sequence
of the isolate, strain B-3-1 was classified into Shewanella putrefaciens. Under anaerobic conditions, the sulfonated azo

dye Direct red 81 was reduced by resting cells of S. putrefaciens with lactic acid as an electron donor. Approximately
70% of the Direct red 81 (0.1 mM) added to the reaction mixture was decomposed after 30 min of incubation. The
reduction by the resting cells was strongly inhibited by potassium cyanide. Azo reductase activity with NADH as an

electron donor was detected in the membrane fraction, but not in the soluble fraction, prepared from cells lysed by an

EDTA-lysozyme-Brij 58 protocol. When NADH was used as an electron donor, first cytochrome c in the cell membrane

was reduced, and then the azo dye was reduced. Potassium cyanide strongly inhibited the reoxidation of reduced
cytochrome ¢ by Direct red 81, but not the reduction of cytochrome ¢ by NADH, suggesting that reduced cytochrome

¢ serves as an electron donor for azo dye reduction.
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Azo-dyes are synthetic organic colorants that exhibit
great structural diversity®. There are currently at least
3,000 azo dyes in use in the textile, paper, and cosmetic
industries!?. Direct and reactive azo dyes in particular are
of great commercial importance for the dyeing and printing
of cellulose fibers.

Dyes are released into the environment in industrial
effluent from two major sources, the textile and the dyestuff
industries!®. They are generally recalcitrant to biodegra-
dation or are incompletely degraded, because aromatic azo
and sulfo groups are not synthesized in nature29,
Nevertheless, there have been reports that the azo bond can
be reduced by bacteria under anaerobic conditions34.

The most generally accepted hypothesis for this
phenomenon is that these strains possess unspecific
cytoplasmic enzymes, which act as “flavin-dependent azo
reductases” under anaerobic conditions, and transfer
electrons via soluble flavins to the azo dyes?¥. However,

Russ et al.’ showed that in cell extracts of Sphingomonas
sp. strain BN6 containing a cloned flavin reductase, the
reduction rate for azo compounds increased almost 100-
fold, whereas the whole cells exhibited less than 2% of the
specific activity obtained with cell extracts. Therefore,
they suggested that in vivo the cytoplasmic azo reductases
have insignificant importance in the reduction of azo
compounds, because the highly polar, sulfonated azo dyes
are not able to penetrate the cell membrane. They conse-
quently proposed a different mechanism for the unspecific
anaerobic reduction of azo compounds by Sphingomonas
sp. strain BN6!9. In this system, the reduction of azo
compounds is catalyzed extracellularly by the action of
other enzyme systems and/or other redox mediators such as
anthraquinone sulfonates.

In this study, from among 369 azo dye-reducing bacteria
isolated from rivers and lakes in Osaka and Shiga prefec-
tures, Japan, one strain (designated B-3-1) was selected for
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analysis. This strain was identified as S. putrefaciensbased
on physiological properties and phylogenetic analysis, and
could reduce different types of azo dyes, including acid,
direct, reactive and chrome dyes. The membrane fraction
prepared from intact cells could decompose azo com-
pounds by the use of NADH as an electron donor and
potassium cyanide completely inhibited this reducing ac-
tivity. These results suggest that membrane-bound azo
reductase and an electron transport component play an
important role in the reduction of azo compounds by strain
B-3-1. Inthis article, the first observations of the reduction
of an azo dye by S. putrefaciens and of the reduction system
including electron transport are reported.

Materials and Methods
Microorganisms, media and culture conditions

The bacterium used in this study was selected from
among 369 azo dye-reducing bacteria isolated from the
Koki and Kashii Rivers, Osaka prefecture, and from Lake
Biwa, Shiga prefecture, Japan, in April 1999. The method
for the isolation of the azo-reducing bacteria is as follows.
Water and mud samples (0.1 ml) from each site were spread
over nutrient broth and either malt agar (Nissui Phar-
maceutical Co. Ltd.,) or yeast malt extract agar (Difco
Lab.,) containing the azo dye Direct red 81 (7-[benzoy-
lamino]-4-hydroxy-3-[[4-[(4-sulfophenyl)azo]phenyl]azo]
-2-naphthalene-sulfonic acid, 0.1 g/l, Sigma Chemical
Co.), and incubated under aerobic conditions at 28°C for
7 days. A colony that decolorized the azo dye was isolated.
The isolate was preserved on a nutrient broth agar slant
containing 0.01% Direct red 81 and used throughout this
study.

Azo dyes

The following 24 azo dyes, belonging to four different
chemical classes, were used in the degradation experiments:
(1) acid azo dye group, Acid light red 2bL, Acid yellow 36,
Acid yellow 11, Acid black 1; (2) reactive azo dye group,
Reactive red 33, Reactive red 120, Reactive red 23, Methyl
orange; (3) direct azo dye group, Direct orange 39, Direct
yellow 44, Direct yellow 12, Direct orange 26, Directred 81,
Direct blue 78, Direct black 22, Direct black 51; (4) chrome
azo dye group, Chrome yellow PG, Chrome green 3B-N,
Chrome Black P2B, Chrome Light Gray G, Chrome Bor-
deaux FB, Chrome yellow 3R, Chrome Black PLW. These
dyes were purchased from Miike Dyes Works Ltd. (Omuta,
Japan), Nissan Chemical Industries, LTD. (Tokyo,
Japan), and Sumitomo Chemical Co., Ltd. (Osaka,
Japan).

Identification of the isolated bacterium strain B-3-1

The physiological characteristics of the strain were exa-
mined by using API 20E and API 50 CH kits (BioMerieux,
France), and compared with the type strain of Shewanella
putrefaciens IAM 1509T. Gram stain, sporulation, motil-

ity, oxidase and catalase tests were examined in the usual
way. Theshape of the bacterium was observed by scanning
electron microscope (model JEOL LV-5400; JAPAN
ELECTRON OPTICS LABO. Co.Ltd.) after the sample
was labeled with gold. Quinone compositions of strain
B-3-1 and S. putrefaciens IAM 1509T were determined by
high-performance liquid chromatography (HPLC)??.

16S rDNA fragments were amplified by PCR from crude
cell lysate and sequenced directly by combined fluorescence
detection with a Pharmacia A.L.F. DNA sequencer as
described by Hiraishi® and Hiraishi et al.9.

Preparation of cell membrane

A membrane fraction was purified from B-3-1 cells using
an EDTA-lysozyme-Brij protocol described by Myers and
Myers!?. Cells were cultured aerobically in nutrient broth
to the late exponential growth phase and washed with 10
mM Tris-HCI buffer (pH 8.1). The washed cells were sus-
pendedina259% (wt/wt)sucrose-10 mM Tris-HCI (pH 8.1)
solution at 25g (wet weight) of cells per 120 ml of 25%
sucrose solution. To accomplish detergent-mediated cell
lysis, the following were added with constant stirring at
15-min intervals: 1/10 volume of lysozyme (6.4 mg/ml,
Sigma), 1/10 volume of disodium EDTA (20 mg/ml), and
5% (wt/vol) Brij 58 (polyoxyethylene cetyl ether, Sigma) to
a final concentration of 0.292% (wt/vol). Cell lysis was
confirmed by the decrease of turbidity of cell suspension
and observation of cells under microscope. MgCl, (0.1 M)
was then added to a final concentration of 12.8 mM, fol-
lowed by a few crystals of DNase I (Sigma) to degrade DNA
from lytic cell. Cell debris and remaining whole cells were
removed by centrifugation at 1,460 X g for 15 min. Cell
membrane was obtained from these cell extracts by cen-
trifugation for 128 min at 177,500 X g in a Hitachi type
RP-70T rotor. Theresulting pellets were suspendedin, and
dialyzed against, 50 mM phosphate buffer (pH 7.4). The
content of membrane protein was determined by the Lowry
method!D.

Anaerobic reduction of azo dye by resting-cell prepa-
rations and the membrane fraction

Strain B-3-1 was cultured as described above and sus-
pended to an optical density of 11 at 610 nm in 50 mM
phosphate buffer (pH 7.4). The cell suspension was added
to a solution (final volume of 2.5 ml in an anaerobic cuvette)
containing 100 #mol of phosphate buffer (pH 7.4), 20
p#mol of sodium lactate or glucose, distilled water and 0.1
pmol of potassium cyanide, if necessary. The cuvette was
sealed hermetically by silicone grease (Dow Corning Co.,
U.S.A.). Oxygen was removed from the reaction liquid by
at least 10 cycles of evacuation and flushing with nitrogen
gas (each cycle; 2min). The reaction mixture was preincu-
bated at 28°C for 4 min, and then Direct red 81 (0.25 z#mol)
was added anaerobically. Direct red 81 (3.378 g I'!) was
dissolved in distilled water. The decrease in absorbance at
509 nm was measured spectrophotometrically. Reaction
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rates were calculated by using a molar extinction coefficient
of 55.2 mM~!cm~!. The membrane fraction (120 pg pro-
tein) was added to the same solution described above, ex-
cept that 5 #mol of NADH and 0.025 #mol of FMN were
used instead of sodium lactate and glucose.

Absorption spectra and pyridine hemochrome spec-
trum of the membrane fraction

Reduced and oxidized absorption spectra of the mem-
brane fraction were recorded on a Shimadzu UV-265FS
spectrophotometer (Shimadzu Co., Kyoto) on addition of
sodium hydrosulfite and aeration, respectively. Samples
contained 0.30 mg of membrane protein ml~! in 50 mM
phosphate buffer (pH 7.4). The pyridine hemochrome
spectrum was determined as described by Myers and
Myers!®),

Shift of Soret peak in the membrane fraction on addi-
tion of electron donor and azo compound

The membrane fraction (120 pg) was added to a solution
(final volume of 2.5 ml in an anaerobic cuvette ) containing
125 gmol of phosphate buffer (pH 7.4), 5 #mol of NADH
and 0.025 #mol of FMN, distilled water and 0.1 #mol of
potassium cyanide, if necessary. After oxygen was re-
moved as described previously, Direct red 81 (0.1 #mol)
was added anaerobically. The absorption spectra of each
reaction mixture, especially the Soret peaks’!? at 418 nm
(reduced form) and 409 nm (oxidized form) derived from
cytochrome ¢, were recorded.

Identification of the degradation products from Direct
red 81

Strain B-3-1 was incubated in SO0 mM phosphate buffer
(pH 7.4), containing 0.1% (wt/vol) sodium lactate and
0.59% (wt/vol) Direct red 81, at 37°C for 16 h without
shaking. Degradation products in the reaction mixture
were analyzed by silica gel thin layer chromatography
(TLC) using the solvent system chloroform-ethyl acetate-
methanol/1:1:1 (v/v/v) with authentic samples of sul-
fanilic acid and p-phenylenediamine. The spots were de-
tected by ultraviolet irradiation and by spraying 5%
phosphomolybdic acid ethanol solution?V.

Results and Discussion
Isolation of azo dye-reducing microorganisms

A total of 369 colonies, comprising 279 bacteria, 81
yeasts and 9 fungi, formed halos on three kinds of agar
containing Direct red 81 (Table 1). The number of halo-
forming colonies from the Koki and Kashii Rivers was two
or three-times that from Lake Biwa. The sampling sites of
the Koki and Kashii Rivers were downstream near the river
mouth where a few dyehouses have been operating, while
the sites at Lake Biwa were lakefront positions of the
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Fig. 1. Decolorization spectra of 24 different azo dyes by strain
B-3-1. Column A; lanes 1 to 4 were acid azo dyes; Acid light
red 2bL, Acid yellow 36, Acid yellow 11, Acid black 1, and
lanes 5 to 8 were reactive azo dyes; Reactive red 33, Reactive
red 120, Reactive red 23, Methyl orange. Column B; lanes 1
to 8 were direct azo dyes; Direct orange 39, Direct yellow 44,
Direct yellow 12, Direct orange 26, Direct red 81, Direct blue
78, Direct black 22, Direct black 51. Column C; lanes 1to 7
were chrome azo dyes; Chrome yellow PG, Chrome green
3B-N, Chrome black P2B, Chrome light gray G, Chrome
bordeaux FB, Chrome yellow 3R, Chrome black PLW, and
lane 8 was Reactive red 22. Strain B-3-1 was cultured in
nutrient broth containing 0.05% dye at 28°C for 15h with
shaking.

Table 1. Direct red 81-reducing microbes isolated from 5 sites.

Koki River site 1 Koki River site 2 Kashii River Lake Biwa site 1 Lake Biwa site 2
Nutrient broth agar 38 (38, 0,0) 49 (49, 0, 0) 11 (11, 0, 0) 9(9,0,0) 4 (4,0,0)
Malt agar 15 (10, 3,2) 26 (13, 9,4) 30 (16, 11, 3) 14 (13, 1, 0) 5(5,0,0)
Yeast malt extract agar 30 (17, 13, 0) 58 (37, 21, 0) 48 (30, 18, 0) 23 (18, 5,0) 9 (9,0,0)

The numbers in parentheses indicates the number of colonies of bacteria, yeast, and fungi, respectively. Water and mud samples from
each site were spread over agar plates containing azo dye Direct red 81, and incubated at 28°C for 7 days.

The distance between site 1 and 2 was less than 20 m.
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southern basin located in a rural area. The greater number
of colonies in river water may be attributed to the inflow of
industrial efluent from the dyehouse to the river.

Based on the high reducing rate for Direct red 81 and
broad degrading spectra against many kinds of azo dyes,
strain B-3-1 was selected among 369 colonies. The bac-
terium was able to completely decolor twenty different azo
dyes, both acid, reactive, and direct types, after a 15h
culture in nutrient broth containing 0.05% dye at 28°C
(Fig. 1). The microorganism might also partially decom-
pose chrome azo dyes, because after the culture, the color
of the culture broth was different from that of the original
dye.

From these results, it is thought that strain B-3-1 is
suitable for the biodegradation of azo dyes in industrial
effluent.

Phylogenetic analysis and physiological characteristics
of the azo-reducing bacterium B-3-1

An approximately 1.5 kbp fragment of 16S rDNA from
strain B-3-1 was amplified by the polymerase chain reac-
tion, and sequenced directly by the combined method of
cycle sequencing and automated fluorescence detection.
The sequence has been deposited in the DDBJ nucleotide
sequence data base under the accession number AB057660.
The sequence of the tested strain was compared with 16S
rDNA sequences in the data base, and found to show
98.9% similarity with Shewanella putrefaciens LMG 2369.

Strain B-3-1 is a gram-negative, non-spore-forming,
facultatively anaerobic and rod-shaped (0.3x1.5 gm)
bacterium. The main morphological and biochemical

characteristics of the strain were the same as those of S.
putrefaciens IAM 15097 (Table 2). Carbohydrates were
not utilized as a carbon source for growth, while organic
acids, containing lactic and formic acids, were available.

HPLC analysis of a chloroform-methanol extract from
strain B-3-1 also indicated peaks at the same retention times
(4.46, 5.36, and 6.16 min) as the extract from S. putrefa-
ciens IAM 1509T. The proportion of their peak area from
strain B-3-1 (1.0:1.1: 1.7 per r.t. 4.46 : 5.36 : 6.16 min)
was similar to that of S. putrefaciens IAM 15097 (1.0:1.3
:2.5). S. putrefaciens IAM 1509T has been reported to
contain menaquinone with seven isoprene units and
methylmenaquinone with seven isoprene units and ubi-
quinone with eight isoprene units as the major isoprenoid
quinone!-®, Strain B-3-1 is presumed to contain the same
type of isoprenoid quinone as S. putrefaciens IAM 15097.

These results show that the isolated strain B-3-1 should
be classified as Shewanella putrefaciens. To our
knowledge, this is the first report on the reduction of azo
dyes by S. putrefaciens.

Metabolism of Direct red 81 by resting cells of S.
putrefaciens B-3-1

Four UV-absorbed spots (Spots a, b, ¢, and d) were de-
tected on silica gel TLC of the decolored reaction mixture
(Fig. 2). Spots ¢ and d coincided in Rf values (0.30 and
0.47) with authentic samples of p-phenylenediamine and
sulfanilic acid, respectively. These products were isolated
by silica gel column chromatography using solvent systems
of chloroform-ethyl acetate-methanol / 10:7:7 and 1:1:
1 (v/v/v). The UV and infrared absorption spectra of the

Table 2. Morphological and physiological characteristics of Shewanella putrefaciens 1AM 15097 and strain B-3-1.

s | B Tl oo | B

Gram stain Acetoin production - —
Sporulation - Noj reduction + +
Form rod rod Denitrification — —
Motility + + Acid production from sugar

Oxidase + + Glucose - -
Catalase + + D-Mannitol - -
Urease - - Inositol - -
B-galactosidase - - D-Sorbitol - —
Aginine dihydrolase — — L-Rhamnose — —
Ornithine decarboxylase — — Saccharose — -
Lysine decarboxylase — — D-Melibiose — —
Tryptophan deaminase + + D-Amygdalin - —
Utilization of citric acid - - L-Arabinose + +
H,S production + + OF-test o (@)
Indole production — —

T indicates type strain.
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Fig. 2. TLC of reaction products of Direct red 81 reduced by S.
putrefaciens B-3-1, sulfanilic acid and p-phenylenediamine.
Lane 1; sulfanilic acid, lane 2; p-phenylenediamine, lane 3;
reaction products. Plate, silica gel(Merck); Solvent system,
chloroform-ethyl acetate-methanol/1:1:1 (V/V/V). Detec-
tion; UV.

isolated products (Spots ¢ and d) were also consistent with
authentic p-phenylenediamine and sulfanilic acid, respec-
tively.

The initial step in the biodegradation of azo dyes is the
reductive cleavage of the azo-bond under anaerobic con-
ditions!¥. Direct red 81 contains two azo-bonds, and
therefore, should give three degradation products, sulfa-
nilic acid, p-phenylenediamine, and 3-amino-7-benzoyl-
amino-4-hydroxy-naphthalene-2-sulfonic acid. Sulfanilic
acid and p-phenylenediamine were identifiable by com-
paring their absorption spectra and Rf values with those of
authentic samples. The two residual spots (Spots a and b)
in the reaction products are considered further degradation
products of 3-amino-7-benzoylamino-4-hydroxy-naph-
thalene-2-sulfonic acid.

Reduction of Direct red 81 by resting cells of S. putre-
Jfaciens B-3-1

Lactic acid caused the reduction of Direct red 81 by
resting cells. The azo compound was reduced on addition

of 8 mM sodium lactate to the reaction mixture containing
resting cells and 0.1 mM azo dye, with 70% of the com-
pound decomposed within 30 min (Fig. 3). Formic acid (8
mM) had an identical rate of decomposition to lactic acid,
whereas for 8 mM glucose the rate was one fourth that of
lactic acid. Both acids were also available as a carbon
source for bacterial growth, and accordingly the reductants
among metabolites of these acids might function as elec-
tron donors for the cleavage of the azo bond.

The addition of nitrate (5 #mol) to the reaction mixture
caused partial inhibition (40%) of the reduction of azo dye
by resting cells. Strain B-3-1 has the ability to reduce ni-
trate (Table 2), and it can therefore be presumed that a part
of the reductant formed from lactate metabolism, in the
presence of nitrate, is utilized for the reduction of nitrate
rather than for the cleavage of the azo group. Myers and
Nealson!¥ showed that nitrate, Fe(III), and Mn(IV) are
used as terminal electron acceptors for anaerobic respira-
tion in S. putrefaciens.

The reduction of Direct red 81 by resting cells was
completely inhibited by 0.04 mM potassium cyanide, sug-
gesting an involvement of the electron transport system in
azo dye reduction.

Reduction of Direct red 81 by the membrane fraction

Under anaerobic conditions, the membrane fraction
reduced Direct red 81 on addition of 2 mM NADH as an
electron donor, and further addition of 0.01 mM FMN or

0.1

0.084

0.068

0.054

Direct Red 81 (mM)

0.038

T
0 10 20 30
Time (min)

Fig. 3. Reduction of Direct Red 81 by resting cells of S.
putrefaciens B-3-1 under anaerobic conditions. Curves: a,
resting cells+8 mM lactate +0.04 mM KCN+0.1 mM Direct
red 81; b, resting cells+8 mM glucose+ Direct red 81; c,
resting cells+lactate +2 mM NO;+ Direct red 81; d, resting
cells+lactate+ Direct red 81.
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FAD doubled the rate of degradation of azo dye compared
with NADH only (Fig. 4). On the other hand, neither 8
mM lactic acid nor 2 mM NADPH was available as an
electron donor for azo dye reduction by the membrane
fraction. Potassium cyanide (0.04 mM) completely in-
hibited the reduction of azo dye by the membrane fraction
and NADH. In spite of the addition of an electron donor
in this study, no activity to reduce azo dye was detected in
the soluble fraction. These results suggest that azo dye, in
S. putrefaciens, is reduced via an electron transport system
in the membrane fraction with NADH as an electron
donor.

Absorption spectra of the membrane fraction

The reduced and oxidized spectra of the membrane
fraction are shownin Fig. 5. Thereduced form had a sharp
symmetrical & peak at 552 nm, 8 peak at 523 nm and Soret
(7) peak at 418 nm. The oxidized form had a peak at 409
nm. The pyridine hemochrome spectrum of the membrane
fraction had a peak at 550 nm (Fig. 6). These results show
the presence of a cytochrome containing heme c in the
membrane fraction’-'%1®, A few different c-type cyto-
chromes have been purified from S. putrefaciens. Morris et
al."® purified flavocytochrome ¢ (molecular mass of 63,800
Da) from the periplasmic fraction that contained 4 mol of
haem c and 1 mol of non-covalently bound FAD per mol of
protein. Tsapin et al.?® isolated low-redox-potential

0.1

0.084

0.068

Direct Red 81 (mM)

A 0.054

0.038

I I N T B
0 10 20 30

Time (min)

Fig. 4. Reduction of Direct Red 81 by the membrane fraction
under anaerobic conditions. Curves: a, membrane fraction-
+8 mM lactate+0.1 mM Direct red 81; b, membrane
fraction+2 mM NADH++0.04 mM KCN+ Direct red 81; c,
membrane fraction+2 mM NADPH+ Direct red 81; d,
membrane fraction+NADH + Direct red 81; e, membrane
fraction++NADH+0.01 mM FAD-+Direct red 81; f,
membrane fraction+NADH+0.01 mM FMN + Direct red
81.
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Fig. 5. Absorption spectra of the membrane fraction prepared
from S. putrefaciens B-3-1. Curves: a, Na2S204-reduced
membrane fraction; b, air-oxidized membrane fraction.

550nm

Abs.=0.04

520 530 540 550 560 570 580

Wavelength (nm)

Fig. 6. Reduced spectrum of the pyridine hemochrome of the
membrane fraction prepared from S. putrefaciens B-3-1.

tetraheme cytochrome c¢3 (molecular mass of 12,120 Da)
from the water-soluble fraction of a cell homogenate.
Myers and Myers!® also showed the presence of four dis-
tinct outer membrane-bound c-type cytochromes (appar-
ent molecular masses of 150, 83, 65, and 53 kDa). The
purification of the membrane fraction of strain B-3-1 will
reveal which type of cytochrome c¢ described above is
contained in the membrane.

Shift of Soret peak on addition of electron donor and
azo compound

The membrane fraction showed a Soret peak at 409 nm
derived from oxidized cytochrome c (curve a, Fig. 7), and
the addition of 2 mM NADH and 0.01 mM FMN caused
the reduction of cytochrome c (shift of Soret peak from 409
nm to 418 nm, curve b). Direct red 81 (0.1 mM) reoxidized
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499nm 409nm IAA=0.20
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Fig. 7.

Shift of Soret peak by the addition of electron donor and azo compound. Curves: a, membrane fraction; b, membrane

fraction+2mM NADH-+0.01 mM FMN; ¢, membrane fraction+NADH+FMN+distilled water; d, membrane fraction+
NADH +FMN+0.1 mM Direct red 81; e, membrane fraction+NADH+FMN+0.04 mM KCN; f, membrane fraction +NADH+

FMN +KCN+ Direct red 81.

the reduced cytochrome c (shift of Soret peak from 418 nm
to 409 nm, curve d), whereas distilled water was not able to
reoxidize it (curve c). Potassium cyanide (0.04 mM) in-
hibited the reoxidation of reduced cytochrome ¢ by Direct
red 81 (curve f), but not the reduction of cytochrome c by
NADH and FMN (curve €). These results show that strain
B-3-1 transfers electrons from reductants such as NADH
through cytochrome ¢ in the membrane to Direct red 81.

Myers and Myers!® reported that outer membrane
cytochromes in the metal-reducing bacterium S. putrefa-
ciens functioned as a mediator in the electron transmission
to electron acceptors for anaerobic respiration, and that the
cytochrome ¢ content of the outer membrane markedly
increased following a switch from aerobic to anaerobic
conditions. We also speculate that under anaerobic con-
ditions, strain B-3-1 reduces azo compounds with the same
anaerobic respiration system used for the reduction of
oxidized metals and trimethylamine N-oxide. Experiments
are currently underway in our lab to purify the mem-
brane-bound cytochrome c to clarify its role in the reduc-
tion of azo compounds.
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